Introduction
============

Human social life is built through interactions, achieved via facial expressions and language communication. [@B24] proposed that face and language processing are intimately linked in their development, as they are part of the social communication system. For example, face recognition processes follow similar perceptual narrowing patterns than visual speech perception. Perceptual narrowing refers to a progression whereby infants maintain ability to discriminate stimuli to which they are exposed, but lose ability to discriminate stimuli to which they are not exposed (for face processing see [@B16]; for speech processing see [@B27]). Adults are experts for the faces and languages present in their environment. Their face and language systems are interactive, and their neural mechanisms are linked to some extent.

However, narrowing can be prevented in infants for experienced classes of visual stimuli ([@B25]; [@B33]; [@B14]). [@B19] claimed that in some cases narrowing can be disrupted and that a different adult will emerge. In other words, differences in perceptual mechanisms in adults may be a consequence of differences that occurred during the perceptual narrowing processes. [@B19], p. 595) has been studying adults with synesthesia, who may have "undergone less perceptual narrowing." Adults with synesthesia were better than controls at discriminating between other species faces and discriminating non-native sounds. A change in the development of the visual system has then affected face and language processing abilities. Would a different experience with language during development affect the narrowing of other cognitive functions?

The present study intends to shed some light on the relationship between linguistic experience and face processing. Early Bilinguals grow up hearing/seeing more than one language. They are therefore sensitive to more than one linguistic auditory and visual code. The person with whom they communicate will determine which language they will code. They switch from one code to another after identifying the speaker. One way to do so is by recognizing his/her face. Monolinguals only have one code, so they do not have to relate a person to a specific language code. Does this have an impact on the way Bilinguals and Monolinguals will processes language and faces when they are adults? Our previous research revealed that Monolingual adults were more accurate and faster than Bilinguals when having to identify phonemes in audiovisual presentations but not in audio-only conditions. In the present study we examined whether these differences in visual speech decoding could be due to differences in the visual processing of the speaker's face. To do so, we compared face processing abilities in Bilinguals and Monolinguals.

Face and language processing are intimately linked ([@B24]). Auditory information alone is of course sufficient to understand speech, but we systematically and unconsciously rely on the visual information provided by the speaker's face. Seeing the oro-facial gestures of the speaker accelerates word recognition, which is the core process underlying face-to-face conversations ([@B12], [@B11]). In addition, oro-facial information enhances consonant and vowel intelligibility in noisy environments ([@B36]; [@B1]). During the first year of life, perceptual narrowing in face development happens at the same ages as for visual speech processing. The temporal concomitance of these processes is not surprising since face-to-face communication involves both phoneme and face discrimination abilities. However, the infants' linguistic experience seems to affect the timing of the perceptual decline for visual speech. There are several studies indicating that infants growing up in a monolingual environment tend to loose language discriminating abilities earlier than the children living in a bilingual environment (e.g., [@B37]).

Bilingual Infants
-----------------

Early bilingualism affects the infants' abilities for language detection. [@B37] found that the ability to distinguish French from English in silent videos declined at 8 months for English monolinguals but not for the infants raised in a *bilingual* English--French environment. [@B34] further investigated this "bilingual delay" by presenting [@B37] videos to a group of 8-month-old infants who had never heard English or French in their environment. The infants were Spanish monolinguals and Spanish--Catalan Bilinguals. Their data revealed that the *bilingual* Spanish--Catalan infants distinguished the English from French videos whereas the monolinguals did not. This is evidence that the perceptual decline appears later when having to deal with two languages at the same time early in life, irrespective of the familiarity the infant has with these languages. Another study also indicates that the perceptual narrowing phenomenon also applies to sign language ([@B23]). At 4 months hearing infants are able to distinguish one sign from another in American Sign Language (ASL). At 14 months they are no longer capable of doing so. Although the signs are physically different, the children at this age tend to confuse them. Conversely, ASL-learning hearing infants --i.e., that grow up in a bilingual environment-- are still able to discriminate the signs at 14 months of age. This implies that perceptual language abilities are re-organized during the first year of life irrespective of language support: gesture-oral.

Bilingual Adults
----------------

The "bilingual delay" during the perceptual narrowing period seems to affect the way we process language as adults. [@B38] found that Spanish adults who learned English late had difficulties in distinguishing French/English silent videos compared to participants who learned English early in life. These results suggest that the linguistic experience the participants had during their childhood had a long term impact on the way they processed visual speech, at least when having to discriminate one language from another.

Another research conducted with Monolingual and Bilingual adults provides further support for a link between early linguistic experience and visual speech processing ([@B4]). Monolinguals and early Bilinguals had to discriminate a Bengali dental-retroflex phonemic contrast that does not exist in their native language/s. The Bengali phonemes were presented in audio-only or audiovisual conditions. In the audio-only presentation both groups had serious difficulties in discriminating the Bengali phonemes and confused them most of the time. In the Audiovisual presentation both groups took advantage of the visual information on the speaker's face movements. With the oro-facial information on the speaker's gestures all the participants could discriminate the dental phonemes from the retroflex ones. However, Monolinguals had a global performance that was 10% higher than Bilinguals. In addition, the "audiovisual benefit" --i.e., accuracy in the audiovisual condition compared to the accuracy in the audio-only condition-- was much higher for Monolinguals (22%) than Bilinguals (13%). The authors also observed that Bilinguals were slower to respond correctly than Monolinguals in the audiovisual presentation. Therefore, the early exposure to more than one language can affect the way we take advantage of the visual information on the speaker's face movements in adulthood.

Bilingualism and Face Processing
--------------------------------

Any face-to-face conversation involves an analysis of the speaker's face to locate the relevant cues for speech decoding. Visual processes locate the mouth with respect to the eyes, nose, etc. Unlike Monolinguals, Bilinguals also have to identify the speaker to know which language they should decode in visual speech. Face recognition should be determinant in the identification process. In addition, Bilinguals have to associate which oro-facial gestures correspond to which language. These supplementary processes that Bilinguals have to do systematically since their early childhood may modulate the way they process faces and visual speech. This would constitute important processing differences with respect to Monolinguals.

A few studies examined this issue in an adult population, whereas the developmental literature is more consequent (e.g., [@B26]). Adult data presented by [@B40] revealed that when Chinese immigrants have to speak English their language fluency is modulated by the kind of face they are presented with. Their English is better if the interlocutor's photograph is Caucasian than when it is Chinese. This suggests that face features --especially the ones that convey information on the origin of the speaker and thus the language that he/she might speak-- can have an impact on language processing. Another line of evidence supporting the idea of a link between visual speech decoding and face processing comes from [@B8] who conducted a face processing experiment with deaf adults. In [@B8] experiment, the face processing abilities in deaf adults differed from those of matched hearing adults in several ways. The deaf population was more accurate for face recognition than the hearing adults. The inversion effect of the deaf population was larger. The deaf were globally slower than controls. This pattern of results was interpreted as reflecting face scanning strategy differences. Hearing participants tend to privilege the eye area. The deaf participants focused less on the eyes than the controls and might have an enhancement of the visual representation of the mouth ([@B21]). [@B8] concluded that deaf participants probably needed more time to process the same information than the hearing adults when processing inverted faces, enhancing their inversion effect. Thus, they may rely more on configural processing. There is, however, an alternative to explain their results. This population is of particular interest because it acquired lip-reading and sign language simultaneously in early childhood. Lip-reading and sign language are two linguistic codes that convey information through physically different channels. Since these codes obey to the same kind of linguistic structure as any other human language, we may consider this population as bilinguals. They were *early* bilinguals because they learned both codes soon after birth. Their face processing differences might then also be linked to the use of two languages at early stage in their life.

On another perspective, [@B13] investigated hemispheric specialization differences between German Monolinguals and Turkish--German Bilinguals during linguistic and face-discrimination tasks. Their results indicated that Bilinguals do not have the same left visual field advantage than Monolinguals during face discrimination. Bilinguals' reaction times were longer than Monolinguals' when faces were presented in the left visual field. This reveals a difference in cortical organization for face processing between the two populations. On this basis, and if Bilinguals and Monolinguals process faces differently, early exposure to several languages can have an impact on their lip-reading abilities.

The aim of the present study was to investigate whether early bilingualism affects face processing mechanisms. To examine this question we used the Other-Race Effect paradigm (ORE). The ORE refers to the difficulty in recognizing and processing faces of members of a race or ethnic group other than our own ([@B16]). Experimentally, this phenomenon leads to more recognition errors when a target face is from an unfamiliar racial group rather than our own racial group (see [@B22], for a review). If Bilinguals and Monolinguals use different mechanisms to process faces, we should observe differences in ORE between the two populations. Based on [@B19], we hypothesized that bilinguals' face narrowing processes may have not happened in the same way as in monolinguals; bilinguals might exhibit a smaller ORE.

We also used picture-plane inversion as a manipulation because the dominant view is that inversion disrupts the ability to perceive a face holistically/configurally. Specifically, it has been suggested that whereas upright faces are encoded as integrated wholes, inverted faces are rather processed feature-by-feature, in a piecemeal manner (e.g., [@B39]; [@B35]; [@B10]; [@B31]; [@B32]). If bilingual participants focus more than monolingual participants on the bottom part of the face ([@B21]), their inversion effect should be limited or absent because the most diagnostic feature of the face to match inverted faces are the eyes. Alternatively, if they process faces relying on global cues, they should exhibit an equally large or even enhanced face inversion effect compared to monolinguals.

Materials and Methods {#s1}
=====================

Participants
------------

A total of 41 early Bilinguals participated in the experiment. Information on the participants' linguistic experience was collected with an adapted version of the Language Experience and Proficiency Questionnaire ([@B18]). There were 24 Catalan--Spanish Bilinguals (mean age = 20 years). They have all been exposed to both languages from birth. Mean age of acquisition of Spanish and Catalan was 11 and 14 months, respectively. Ten learnt Spanish and Catalan at home. Seven have always been exposed to Spanish but lived in a Catalan environment and seven have been exposed to Catalan from birth but learnt Spanish in nursery school. They were students at the University Pompeu Fabra (Barcelona, Spain). There were also 17 Bilinguals of different languages (mean age = 19.6 years). They spoke French and another language from birth: English (four participants), German (four participants), Italian (four participants), Spanish (three participants), Malagasy (one participant), and Portuguese (one participant). They had all been exposed to both languages from birth. They spoke French because they lived in Grenoble from birth and the second language was their parents' native one (both mother and father's mother tongue). They had equivalent verbal fluency in both languages. They were students at the University of Grenoble Alpes or at the Cité Scolaire Internationale which is an international school in Grenoble where only proficient Bilinguals can attend. These Bilingual participants also participated in the experiment on native and non-native phoneme identification presented by [@B4]. The Monolingual group consisted of 41 French native speakers (mean age = 22 years). They all learnt English as a second language in middle school but their proficiency was poor. They had no experience in a foreign country of more than 1 month. They were students at the University of Grenoble Alpes (Grenoble, France) and received course credit for participation. All the participants --Monolinguals and Bilinguals-- gave written consent for participating in the experiment. The Bilinguals of the Cité Scolaire Internationale also provided parental consent to participate in the experiment. The method of this study is in agreement with the ethical guidelines of the ethical committee for Cognitive Science experiments in Grenoble.

Material and Procedure
----------------------

There were 20 Caucasian faces (10 of each gender) and 20 Chinese faces (10 of each gender). These faces were selected on the basis of a pre-test conducted with 168 faces where we evaluated typicality, attractiveness, and representativeness of gender. In addition, and as control condition, we used a set of 20 black and white car pictures (10 front view and 10 three-quarter view). The stimuli were standardized and equalized in terms of luminance and contrast. All faces showed a frontal pose and neutral expression (see **Figure [1](#F1){ref-type="fig"}**). An oval mask was applied on all the faces to limit the use of "external" cues.

![**Example of faces used in the face recognition task: (a) Caucasian face; (b) Chinese face; (c) Inverted Caucasian face (d) Inverted Chinese face**.](fpsyg-07-01080-g001){#F1}

We also included a control condition in which the participants had to do exactly the same task as with the faces but with cars ([@B8]). They were presented in photographs with a white background. All the pictures (faces and cars) were duplicated and transformed into an inverted version (180° rotation). All the stimuli were displayed on a white background and presented either in upright or inverted orientation. The inversion effect refers to a disproportionate drop in recognition accuracy for inverted faces compared to inverted non-face objects ([@B39]). [@B9] suggested that the configural information required to accurately identify individual faces is disrupted by inversion, forcing a less accurate featural processing strategy (see [@B20] for a definition). Therefore, an inversion effect with facial stimuli is evidence that the face processing system has been engaged. The stimuli were presented in three blocks: Caucasian faces (20 upright and 20 inverted faces), Chinese faces (20 upright and 20 inverted), and Cars (20 upright and 20 inverted).

The experiment was conducted with a 2AFC task. It was programmed with Eprime^®^ software2.0 (Psychology Software Tools, Inc.). The task was displayed by a Monitor LCD Dell (17 inches). A fixation cross appeared for 500 ms and was followed by the face sample on the top of the screen during 500 ms. This face disappeared and 500 ms after, two faces were displayed side by side on the bottom of the screen in the same orientation than the sample (i.e., upright or inverted). One of the faces was the face that was previously presented and another face. The faces remained on the screen until the participant pressed the response key on the computer keyboard. The participants had to press on one key if the face on the left was the same as the first face they saw on the top of the screen or another key if the face on the right was the same as the first face they saw on the top of the screen. The experimenter instructed the participants to base their choice on the global information of the face and not on the faces' details. They had to answer as fast and accurately as possible. We recorded response time on correct responses (RT) and correct responses (Accuracy). The orientation of the stimuli was distributed randomly in each block. That is, upright and inverted trials were within the same block. The presentation order of the blocks was counterbalanced among participants. The experiment lasted approximately 15 min (instructions and experimentation).

Results
=======

We used R ([@B28]) for the statistical analyses. We conducted Analyses of Variance (ANOVA) on response time and accuracy with group (Monolinguals, Bilinguals) as between-participants factor and Stimulus type (Caucasian face, Chinese face, Car) and Orientation (Upright, Inverted) as within-participants factor.

Response Time
-------------

**Figure [2](#F2){ref-type="fig"}** presents the mean response times (ms) on correct responses for Bilinguals and Monolinguals as a function of stimulus type in both orientations. RTs faster than 250 ms and slower than 2500 ms were excluded from the analysis (0.04% of the data). Due to the log-normal distribution of the RT values, we used log transformed \[*x* = ln(*x*)\] data on the analysis ([@B7]). Following the transformation all distributions of RT data were not different from normal according to Shapiro--Wilk normality test.

![**Mean reaction times (ms) on correct responses for Bilinguals and Monolinguals as a function of stimulus type (Chinese faces, Caucasian faces, cars)**.](fpsyg-07-01080-g002){#F2}

The analysis revealed that Bilinguals were slower than Monolinguals, *F*~(1,80)~ = 10.53, *p* = 0.002 $\eta_{p}^{2}$ = 0.11. The Stimulus type factor was also significant, *F*~(2,160)~ = 11.81, *p* \< 0.001 $\eta_{p}^{2}$ = 0.13. The responses were faster for Caucasian than Chinese faces, *F*~(1,80)~ = 9.91, *p* \< 0.01. RTs for the latter and Cars were equivalent *F*~(1,80)~ = 1.68, *p* = 0.19. The Upright orientation yielded faster responses than the Inverted one, *F*~(1,80)~ = 150.17, *p* \< 0.001 $\eta_{p}^{2}$ = 0.65. The interaction between Group and Stimulus type was significant, *F*~(2,160)~ = 5.1, *p* = 0.007 $\eta_{p}^{2}$ = 0.06. The interaction between Stimulus type and Orientation was also significant, *F*~(2,160)~ = 11.38, *p* \< 0.001 $\eta_{p}^{2}$ = 0.11. The other interactions did not reach significance, *F*s \< 1.

Comparisons with a Tuckey-HSD correction showed an Other-Race Effect for Monolinguals in the Upright condition (Caucasian = 747 ms, *SD* = 161 vs. Chinese = 820 ms, *SD* = 161), *p* \< 0.001. Furthermore, they discriminated Caucasian faces faster than cars (837 ms *SD* = 181), *p* \< 0.001. Their RTs were equivalent for Chinese faces and Cars, *p* = 0.99. For Bilinguals, the RTs for Caucasian (902 ms, *SD* = 175) and Chinese (876 ms, *SD* = 160) faces were equivalent, *p* = 0.82. Car (965 ms, *SD* = 153) processing increased significantly their RTs, compared to Caucasian and Chinese faces, both *p* \< 0.001.

In the Inverted condition, Monolinguals also exhibited an Other-Race Effect, since they were faster to discriminate Caucasian faces (843 ms, *SD* = 191) than Chinese faces (941 ms, *SD* = 216), *p* \< 0.001). They discriminated Caucasian faces faster than Cars (905 ms, *SD* = 199), *p* \< 0.001. Their RTs for Chinese faces and Cars were not significantly different, *p* = 0.57. For Bilinguals, there were no significant differences between the three kinds of stimuli: absence of Other-Race Effect (Caucasian = 979 ms, *SD* = 196 vs. Chinese = 1008 ms, *SD* = 184, *p* = 0.6; Caucasian vs. Cars = 1007 ms, *SD* = 172, *p* = 0.5; Chinese vs. Cars, *p* = 1).

In the Upright condition, Bilinguals' RTs were slower than Monolinguals for Caucasian faces (*p* = 0.047) but not different for Chinese faces (*p* = 0.9) or Cars (*p* = 0.11). The Bilinguals' RTs were not affected by the Chinese faces. For the Inverted faces, Bilinguals' RTs were equivalent than Monolinguals' for Caucasian faces (*p* = 0.11), Chinese faces (*p* = 0.4), and Cars (*p* = 0.22).

In order to directly test the hypothesis that Monolinguals were more sensitive than Bilinguals to the ORE in the Upright condition we used a planned comparison to test the interaction between Chinese and Caucasian faces and participants (Monolingual/Bilingual). The interaction was significant, *F*(1,80) = 14.27 *p* \< 0.001. Monolinguals were slower at processing Chinese faces but Bilinguals processed both face types at the same speed.

Accuracy
--------

**Figure [3](#F3){ref-type="fig"}** presents the percentage of correct responses for Bilinguals and Monolinguals as a function of stimulus type in both orientations. In order to minimize deviation from normal distribution of the accuracy data in percentage, the data were transformed with ArcSin (X^0.5^). The analysis revealed that accuracy was globally equivalent for Bilinguals and Monolinguals, *F*~(1,80)~ = 3.15, *p* = 0.079 $\eta_{p}^{2}$ = 0.03. The Stimulus type factor was significant, *F*~(2,160)~ = 20.07, *p* \< 0.001 $\eta_{p}^{2}$ = 0.2. Accuracy was lower for Chinese faces and Cars than Caucasian faces. The orientation effect was large: the Upright orientation yielded higher scores than the Inverted one, *F*~(1,80)~ = 160.23, *p* \< 0.001 $\eta_{p}^{2}$ = 0.66. The interaction between Group and Stimulus type was not significant, *F*~(2,160)~ = 1.98, *p* = 0.14 $\eta_{p}^{2}$ = 0.02. The interaction between Group and Orientation was significant, *F*~(2,80)~ = 5.88, *p* = 0.017, $\eta_{p}^{2}$ = 0.066. The interaction between Stimulus type and Orientation was significant, *F*~(2,160)~ = 11.05, *p* \< 0.001 $\eta_{p}^{2}$ = 0.12. The other interactions did not reach significance, *F*s \< 1.

![**Percentage of correct responses for Bilinguals and Monolinguals as a function of stimulus type (Chinese faces, Caucasian faces, cars)**.](fpsyg-07-01080-g003){#F3}

Comparisons were conducted with the Tuckey-HSD test. The values were corrected for multiple comparisons. The Upright position revealed an Other-Race Effect for Monolinguals, exhibiting higher scores for Caucasian faces (89%, *SD* = 7) than Chinese faces (84%, *SD* = 8), *p* = 0.018. The scores for Caucasian faces were also higher than Cars (83.1%, *SD* = 9), *p* \< 0.001. Their accuracy was equivalent for Chinese faces and Cars, *p* = 1. For Bilinguals, the scores for Caucasian faces (91.7%, *SD* = 7) were higher than Chinese faces (88.9%, *SD* = 11), but the difference did not reach significance, *p* = 0.84. The scores for Chinese faces were not significantly higher than Cars (85.4%, *SD* = 9), *p* = 0.2. Accuracy for Caucasian faces was better than Cars, *p* \< 0.001.

Planned comparisons showed that accuracy for Caucasian faces was higher than Chinese faces and Cars, *F*~(1,80)~ = 39.16, *p* \< 0.001. As in the RT analysis, we compared Monolinguals and Bilinguals on ORE sensitivity. We tested the interaction between Chinese and Caucasian faces, and the two populations. The difference was not significant, *F*~(1,80)~ = 1.16, *p* = 0.28. This null interaction was confirmed in the Upright condition, since accuracy was equivalent for both groups for Caucasian faces, *p* = 0.99. The scores for Chinese faces were higher for Bilinguals than Monolinguals but the difference did not reach significance, *p* = 0.56. For Cars, the differences between the groups were not significant, *p* = 0.99.

In the Inverted condition, Monolinguals exhibited an Other-Race Effect. Their scores were higher for Caucasian than Chinese faces, *p* \< 0.001. The scores for Caucasian faces were higher than Cars but the difference did not reach significance, *p* = 0.9. Their scores for Cars were higher than Chinese faces, *p* = 0.003. Bilinguals also exhibited an Other-Race Effect. Their scores were higher for Caucasian than Chinese faces, *p* = 0.023. The scores for Caucasian were higher than Cars, *p* = 0.9.

Discussion
==========

We hypothesized that early bilingualism could affect the way the cognitive system has specialized --i.e., narrowed-- and that this would affect face processing as adults. Previous research revealed that early Bilinguals process audiovisual speech differently than Monolinguals. This study examined whether these processing differences could be due to different ways of processing facial information. To do so, we investigated two well-known effects in face recognition studies: the other-race effect and inversion effect. Bilingual and Monolingual participants did a face recognition task with Caucasian faces (own race), Chinese faces (other race), and Cars that were presented in an Upright or Inverted position. The results revealed that Bilinguals and Monolinguals differed in face recognition processes. For cars, both groups were slower and made more errors compared to faces. The main impact of early bilingual experience seems to be on the temporal domain rather than on accuracy. Bilinguals were globally slower than Monolinguals in their responses. We observed that Monolinguals exhibited the classic Other-Race Effect. Processing Chinese faces (i.e., other race faces) was slower than processing Caucasian faces (i.e., own race faces). For Bilinguals we did not observe an ORE because the processing of Caucasian and Chinese faces were equally time-consuming. Taken together the results indicated that face processing differed between Bilinguals and Monolinguals.

Differences in Face Processing Speed
------------------------------------

The reaction time analysis revealed that Bilinguals were significantly slower than Monolinguals, regardless of the type of stimuli. This pattern of results is in agreement with [@B13] data on cortical organization for face processing. They also observed that Bilinguals were slower than Monolinguals when having to recognize faces that were presented in the left visual field. Data from language studies also revealed processing speed differences between Bilinguals and Monolinguals. Bilinguals were slower than Monolinguals when having to identify audio-visually presented native and non-native phonemes ([@B4]). Other results on picture naming tasks reported data that also point to slower processing in Bilinguals than Monolinguals ([@B5]). The authors accounted for this delay as a supplementary cognitive load --a "bilingual cost"-- for lexical processing. Would there be a "bilingual cost" for face processing as well? Bilingualism can indeed affect different kinds of processing that are not necessarily linked to linguistic tasks. For example, bilinguals seem to perform better in tasks that evaluate executive control, attention and solving perceptual conflict situations ([@B3]; [@B2]; [@B6]). Further research should be done to address this question of slower reaction times.

Regarding face processing, [@B8] found that deaf adults had slightly higher face recognition scores than the control hearing participants. However, the former were slower to recognize faces. The authors explained their results in terms of early auditory deprivation. However, and as mentioned in the Introduction, these deaf participants were also bilinguals in the sense that they grew up with French lip-reading and sign language. The present results might shed light on a new interpretation. Deaf-bilinguals' face processing differences might not be linked to deafness only but also to the use of two language codes simultaneously. This hypothesis could be approached by testing native hearing signers. To our knowledge, there is no clear explanation for this "bilingual cost" but there is increasing evidence that bilingual participants are slower in several domains. This issue is of interest and should be investigated in depth.

Differences on the Other-Race Effect
------------------------------------

The present study replicated the Other-Race Effect in Monolinguals for RTs and accuracy. Monolinguals processed faster and better Caucasian than Chinese faces. For Bilinguals instead, the processing of Caucasian and Chinese faces did not yield RT or accuracy differences. In other words, we did not observe an Other-Race Effect on either measure. This result is surprising as the Other-Race Effect is a very classic and robust effect (see [@B22]). The differences we observed cannot be accounted for as differences of experience with Chinese faces. The experience with Chinese faces of all the participants --Bilinguals and Monolinguals-- was poor and equivalent. Bilinguals were as fast (or as slow) to process both type of faces and their accuracy was equivalent for all the faces. The lack of ORE could have reflected a tradeoff between the speed of their response and accuracy; as they were slower, they might have been a bit more accurate for Chinese faces (decreasing the difference with Caucasian faces). However, as the Bilinguals were even slower for cars and their performance was worse, the tradeoff explanation seems unlikely.

This result may also reflect differences in face processing. Bilinguals might pay attention to other face cues than Monolinguals that could limit the Other-Race Effect. How can contact with a second language affect face processing? Several behavioral studies indicated that the manipulation of face and mouth orientation for example, have an impact on face and visual speech perception. This supports the idea of the involvement of common information processes in face recognition and speech processing mechanisms ([@B15]; [@B30]; for a review see [@B29]).

[@B38] and [@B4] reported adult data that comfort the idea that Monolinguals and Bilinguals could use different processing mechanisms to decode visual speech. One might hypothesize that Bilinguals, like [@B8] deaf adults, may process faces differently. Indeed, face representation in Bilingual deaf adults and early Bilingual infants do not seem to be biased toward the diagnostic eye region as it is observed in Monolinguals ([@B17]). This could be due to differences in face scanning patterns. This hypothesis should be investigated in future research by examining the temporal scanning patterns of the two populations using static and dynamic faces.

Inversion Effect
----------------

We observed an inversion effect in both groups for accuracy and RT measures, suggesting that all the participants performed configural processing when the faces were presented Upright. If Bilinguals focus on different aspects of the face, it did not affect the classic inversion effect. [@B8] showed an enhanced face inversion effect in the response times of the Bilingual deaf population compared to hearing participants. Based on the perceptual field hypothesis of the face inversion effect ([@B31], [@B32]), [@B8] suggested that the hearing participants focus more on the eyes because they are the most diagnostic feature of the face to match inverted faces. Conversely, the Bilingual deaf participants probably needed more time to process the same information. Their representation of a face is generally not as biased toward the diagnostic eye region as it is for hearing participants. The deaf population might focus more on the bottom part of the face than the top because it is the most relevant facial area for decoding phonological cues (e.g., place of articulation that distinguishes /p/ from /t/). It is likely that the Bilinguals in our study behaved the same way as the deaf Bilinguals in [@B8] research.

In sum, the main contribution of the present study is that the linguistic experience during the first year of life affects face processing as adults. Bilinguals did not exhibit the classic Other-Race Effect and were slower than Monolinguals during face recognition processes. Early exposure to more than one language leads to a perceptual organization --and therefore narrowing-- that seems to go beyond language processing and could extend to the analysis of face configurations. Monolinguals' face analysis would focus more the diagnostic eye regions. Bilinguals' face processing strategies would rather be oriented toward the bottom part of the face. Early linguistic exposure could constrain the initial focus of the configural analysis on the lower part of the face, thus delaying the face recognition process. A face recognition eye-tracking study with Bilingual and Monolingual participants would allow us to examine this hypothesis in the future. It is noteworthy that in our study we examined how an individual's abilities to process other people's faces can be modulated by his/her linguistic background. We still need to investigate whether an individual's abilities to process linguistic information can be modulated by his/her experience with face processing. First, infants can be exposed to different kinds of faces (e.g., Caucasian and Chinese) during the perceptual narrowing period. Second, faces convey linguistic cues but also other kinds of non-verbal information that can be very useful for communication.
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